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ABSTRACT. We have investigated a large set of symmetric and asymmetric molecules to 
demonstrate a general rule for molecular-scale quantum transport, which provides a new 
route to materials design and discovery. The rule states “the conductance GXBY of an 
asymmetric molecule is the geometric mean of the conductance of the two symmetric 
molecules derived from it and the thermopower SXBY of the asymmetric molecule is the 
algebraic mean of their thermopowers”. The studied molecules have a structure X-B-Y, 
where B is the backbone of the molecule, while  X and Y are anchor groups, which bind the 
molecule to metallic electrodes. When applied to experimentally-measured histograms of 
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conductance and thermopower, the rules apply to the statistically-most-probable values. We 
investigated molecules with anchors chosen from the following family: cyano, pyridl, 
dihydrobenzothiol, amine and thiol. For the backbones B, we tested fourteen different 
structures. We found that the formulae (GXBY)
2 = GXBX*GYBY and SXBY=(SXBX+SYBY)/2 were 
satisfied in the large majority of the cases, provided the Fermi energy is located within the 
HOMO-LUMO gap of the molecules. The circuit rules imply that if measurements are 
performed on molecules with nA different anchors and nB different backbones, then properties 
of  nA(nA+1)nB/2 molecules can be predicted. So for example, in the case of 20 backbones 
and 10 anchors, 30 measurements (or reliable calculations) can provide a near quantitative 
estimate for 1070 measurements of other molecules, no extra cost.  
Nowadays there exist a variety of techniques for measuring the electrical conductance G and 
thermopower S of single molecules, such as scanning tunneling microscopy (STM)1, 2, current 
probe atomic force microscopy3, 4, STM-break junction (STM-BJ) 5-7, crossed-wire 
geometry8, nanoparticle junctions9, 10, mechanically controlled break junctions(MCBJ)11, 
electromigration setups12, 13 and nanopores14. Schematically, the measured systems are of the 
form electrode-X-B-Y-electrode, where X and Y are anchor groups, which bind the molecule 
to the electrodes and B is the functional backbone of the molecule. A number of experimental 
and theoretical studies demonstrated that useful electronic and thermoelectric functionalities, 
such as switching, sensing, rectifying and heat-to-electricity converters can be optimised by 
modifying the backbone B of the molecules, as well as the anchors15-18. For molecules of 
length less than approximately 3 nm, charge transport has been shown to be dominated by 
phase coherent electron transport19, and therefore the subparts X, B and Y cannot be assigned 
their own conductance or thermopower within the molecule. Nevertheless a recent 
experimental and theoretical study demonstrated that for molecules containing serially 
connected meta, para or ortho phenyl rings, their conductances obtained by changing the 
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sequencing of the rings are related to each other20, which implies that molecular subparts X, 
B and Y are individually characterizable by single numbers. These ‘circuit rules’ provide a 
theoretical basis for the systematic categorisation of trends in single-molecule measurement 
data. They provide guidance for the design and synthesis of molecular devices with optimal 
electronic and thermoelectric properties by treating molecular components as individual 
building blocks. In this letter we show that this rule is much more widely applicable than 
initially suggested in ref.20 and can be applied to a very wide range of symmetric and 
asymmetric molecules, with or without donor and/or acceptor groups. For the first time we 
also provide a circuit rule for the thermopower S (i.e. Seebeck coefficient) of single 
molecules. These circuit rules are of interest, because they provide rules for the discovery of 
new materials by predicting electronic and thermoelectric properties of molecules.  This is 
particularly important, because theoretical methods such as density functional theory and GW 
many body theory do not usually provide quantitative predictions of such properties 21. 
It is well known that the transmission coefficient of two serially-connected phase-coherent 





 , where φ is a quantum phase arising from quantum interference (QI) 
between the scatterers22. Consequently the transmission coefficient T cannot normally be 
factorized to a product of terms associated with the individual scatterers alone. Nevertheless, 
the following argument leads us to a ‘circuit rule’ which describes how the transmission 
changes when the sequential order of the scatterers is changed. First we note that Dyson’s 
equation for the Green’s function of a structure comprising three serially-connected 
subsystems X, B, Y  is of the form 
 −  − 0−  −  −0 −  −  
       = , 
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where   ( ) is the Hamiltonian of the combined left electrode and anchor X (right 
electrode and anchor Y) and  () is the coupling between the backbone of the molecule 
and the anchor X (Y).  From this expression, the relevant sub-matrix of the Green’s function 
that describes electron propagation across the molecule from X to Y is 
	 = !!      (1) 
where  = " −  −Σ# is the Green’s function of the coupled backbone and !  (!) 
is the Green’s function of the combined left electrode and anchor X (right electrode and 
anchor Y) and Σ = 	! + !	. If the electrodes are coupled to the anchors through 
a single site at both ends, the transmission coefficient through the molecule from one 
electrode to the other is  = "ℏ&#'()*+' , where &  is the group velocity of the 
electrodes, , and - denote the anchor sites connected to electrodes21, 23. For molecules such as 
those shown in figure 1, the anchors are linked to only single sites ., / in the backbone, in 
which case the transmission coefficients takes the form  
 = ℏ& 01!2*30 |()35|ℏ& 01!25+0 = 6 × 8 × 6,        (2) 
where 6 = 	ℏ&'(!)5+' , 6 = ℏ&'(!)*3'   and 8 = |()35|  . The factor 8 
depends on X and Y via the self-energies ! and !.  However if the couplings are 
sufficiently weak and the Fermi energy does not coincide with the poles of ! and !, then  
Σ  can be negligible 21 and from eq. (2) it follows that 
 = 								"3# 
The dependency of BB of X and Y is the smallest when the Fermi energy is located far away 
from the poles of ! and !	, which is the case for off-resonant electron transport in the co-
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tunneling regime. Based on the Landauer formula, and since eq. (3) is valid for a range of 
energies larger than kT=25 meV, the room temperature conductance also satisfies 
  = 	                           (4) 
Since this approximate relation is true for a range of energies within the HOMO-LUMO gap, 
the rules for the derivatives of the logarithm of the transmission coefficients are expected to 
satisfy 
:: log = :: log + :: log , which leads the circuit rule for the low-
temperature thermopower24: 
	2? = ? + ?                         (5) 
Although density functional theory (DFT) is not a quantitative theory, it has been shown to 
correctly predict trends in transport properties. In order to demonstrate that the above rules 
are valid for a wide range of molecular junctions, we performed DFT-based electron transport 
calculations for 193 molecules. The molecules are classified according to their backbone 
structures, and their attached anchors (as shown in Figure 1a,b,c). In Figure 1, X and Y 
indicates the location of the anchor groups. The anchor groups X and Y are chosen from the 
family CN, Py, BT, NH2, S, several of which have been studied extensively in the literature
25-
32. In Figure 1a, shows 180 molecules formed from 12 backbones and five anchor groups. In 
the case of  the 10 X-R-Y molecules shown in Figure 1b, X and Y are chosen to be one of 
CN, PY, NH2, S and in the case of the 3 X-But-Y molecules shown in Figure 1c, X and Y are 
chosen to be either S or NH2. Figure 1a,b illustrates the anchor as well as the aromatic rings, 
to which the anchor is attached. For transport calculations, the planar conformations of the 
molecules were considered, and the gold leads were attached perpendicularly to the plane of 
the molecules as discussed in the Methods section. Examples of transmission curves for a 
selection of molecules are shown in Figure 2. 
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The circuit formulae are first verified by calculating the room temperature conductance and 
thermopower, using the DFT predicted Fermi energies for all molecules. To demonstrate the 
circuit rule for conductance, we separately computed the electrical conductances (,
, #	and Seebeck coefficients (?, ?, ?# of the individual molecules and 
then plotted the square root of the product  	 versus  . In Figure 3a, the small 
scatter about a straight line demonstrates that in the majority of the cases the circuit rule gives 
an accurate prediction for the conductance. To demonstrate the circuit rule for thermopower, 
we separately computed the Seebeck coefficients (?, ?, ?# and then plotted the 
average  "?+	?#/2 versus  ?, as shown in Figure 3b. This remarkable result means 
that from measurements of the conductances ,   it is possible to predict the 
conductance  and similarly for the Seebeck coefficients. 
We now discuss the sources of deviations from the circuit rule predictions. The inset of 
Figure 3a, shows that in a number of cases a slight systematic deviation can be observed. The 
origin of these deviations is illustrated by Figure 2, which shows several different 
transmission coefficient curves of the X-D1-Y type molecules. These show that if the 
resonances of the two symmetric molecules are close to each other, then the circuit rule is 
accurate over almost the whole of HOMO-LUMO gap; for example in Figures 2a,b, the 
dashed purple curves compare well with the black curves. In these cases ! ≈ ! , 
therefore even if BB depends strongly on the self energy terms, both sides of the eq. (3) 
follow the same energy dependence. On the other hand, if the location of the resonances of 
X-B-X and Y-B-Y differ significantly (from Figure 2c to 2h), the error in circuit rule for the 
transmission coefficient is large. In particular cases, when transport through one anchor (such 
as X=NH2) is HOMO dominated, whereas the other anchor (such as Y=Py) is LUMO 
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dominated, but their HOMO-LUMO gaps are similar, then the two self energy terms ! 
and ! are expected to be very different. Such examples can be seen in Figures 2g,h.   
We also note that the errors in circuit rule predictions for the thermopower are not necessarily 
correlated with those of the conductance. While the magnitude of transmission coefficients is 
inaccurate, the slope of the transmission curve of the X-D1-Y in the log plot in Figure 2g,h 
(black curve) remains comparable with the slope of the ones obtained with the circuit rule 
(dashed purple).  In general, Σ is the smallest and the circuit rule is most accurate when the 
Fermi energy is furthest from both the HOMO and LUMO resonances. We note that the DFT 
calculations typically significantly underestimate the HOMO-LUMO gap 33-35, therefore for 
realistic electronic structures the circuit rule may applicable even more accurately than shown 
in Figure 2 and Figure 3. Other possibilities, that may hinder the accuracy of the circuit rules 
for realistic conductances, are thermal fluctuations of the molecular conformation and the 
experimental distributions of junction geometries 36.  
To facilitate the utilisation of the above circuit rules for single-molecule-junction materials 
discovery, we note that they are a consequence of the fact that the transmission coefficients 
BCD can be factorized into a product of the kind 686 , where 6	and 6	do not depend 
on B, but 8C may depend on X and Y.  Nevertheless when the Fermi energy is located in the 
valley of the HOMO-LUMO gap it is possible that Σ is negligible and therefore BB depends 
only on connectivity and is independent of the choice of the anchor groups. Typically if this 
is the case, the transmission coefficients can be factorized to independent factors of anchors 
and backbones, and these factors are transferable between different molecules. In other word, 
the logarithm of the conductance and the thermopower are sums of transferable factors. To 
verify this factorizability, we now assume that computed logarithmic conductance values and 
thermopower values can be written 
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 logE FGHIFJ = K + L + K         (6) 
 
MGHI3N/O = KP + LP + KP                (7) 
where the factors K, L, K, KP, LP, KP are independent and transferable. To obtain these 
parameters, we minimize numerically the function Q = ∑ ∑ ∑ SK +TUVWXTUVWYZ[U\
L + K − logE FGHIFJ ]	, where the  values are the DFT-computed conductance values 
(see Methods section). We note that the separation between the anchor and backbone terms is 
arbitrary, therefore we set the backbone term of X-RR-Y type molecules to zero, i.e. we 
choose L^^ = 0, and in this calculation we choose the molecules in Figure 1a only. With this 
choice the K terms parametrize the anchoring structures shown in Figure 1a and Table 1, that 
is the anchor plus the aromatic ring. Consequently the L terms parametrize the backbone, 
that is the inner part of the molecules between the aromatic rings in Figure 1a. From nA=5 
different anchors and nB=12 different backbones, this procedure yields 5 K parameters and 
12 L  parameters, from which we can reproduce the logarithmic conductance of 
nA(nA+1)nB/2=180 molecules. Similarly, the same minimizing procedure is used to obtain the 
thermopower parameters KP	and LP. Table 1 shows the anchor and backbone parameters 
obtained using the above minimizing procedure. To demonstrate that they can be used to 
predict coductances and thermopowers, Figure 4a shows a comparison between the sum 
K + L + K , and the conductance GXBY while Figure 4b compares KP + LP + KP  with 
SXBY. In Figure 4a, for each molecule, for the DFT computed conductance value GXBY on the 
horizontal axis, we plotted the corresponding 10`GaH`IE value marked by a red cross. 
The fact that the majority of the red crosses are close to the diagonal black line shows that the 
5 K parameters and 12 L parameters in Table 1 can reproduce the logarithmic conductance 
of the 180 molecules in figure 1a accurately. In essence, by minimizing the function F with 
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respect to the 5 K parameters and 12 L parameters, we obtain their optimal value which 
holds the information of the conductance values of the 180 molecules. This is possible only 
because the conductance can be factorized with good accuracy according to eq. (3) and 
therefore the 180 molecular conductances are not independent.  Similarly, in Figure 4b, for 
each molecule, for the DFT computed thermopower value SXBY on the horizontal axis, we 
plotted the corresponding "KP + LP + KP#?E value marked by a red x. It is interesting to 
note that for the conductance, the values of anchor parameter KB in Table 1 vary less than the 
values of the backbone parameters L. This is in contrast with the thermopower, for which 
the magnitudes of the anchor parameters KP vary more than the magnitudes of the backbone 
parameters LP, which suggests that the anchor may play a more dominant role in controlling 
the thermopower than  the conductance.  
Having demonstrated the validity of the circuit rules, within a consistent set of DFT-based 
calculations, we now discuss how they can be used experimentally for real-world discovery 
of single-molecule junction properties. Although DFT is widely used for analysing electron 
transport in single molecule junctions, it is at best a qualitative theory and therefore for 
accurate utilisation of the rules, the parameters K, L, K  and KP, LP, KP  should be 
determined experimentally. In a typical break junction experiment, the measured value of 
  varies markedly from measurement to measurement, because of variability in the 
atomic arrangement of the electrodes and in the electrode-anchor group binding geometry. 
Consequently many (often thousands) of conductance measurements are made and 
histograms of the logarithmic conductance  ! = 	 logE /E are constructed. If !̅ 
is the most probable value of such a histogram, then the experimentally-quoted value is 
̅/E = 10cdGHI . This variability is reflected in the anchor parameters K, K. Therefore 
when applying the circuit rule to such experiments, it should be applied in a statistical sense. 
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If the most probable values of  K, K	are Kd, Kd, then the most probable value of logE FGHIFJ  is 
!̅ = Kd + L + Kd. Conversely, when the fitting procedure of equation (5) in ‘Methods’ is 
carried out using experimentally-quoted values, the resulting parameters are Kd, L, Kd, rather 
than K, L, K . This is another reason why it is unsafe to use DFT values to make 
quantitative predictions, because it is usually much too expensive to simulate conductance 
histograms and therefore typically conductances of only a few anchoring condifgurations are 
reported.  
At present we are aware of only one set of measurements on both asymmetric (X-B-Y) and 
symmetric (X-B-X and Y-B-Y) molecules with the same backbone. In ref 37 the measured 
conductance values of molecules S-R-S, NH2-R-NH2 are found to be 0.012G0, 0.005G0 
respectively and for the asymmetric NH2-R-S molecule two conductance values 0.006G0 and 
0.009G0 were reported. The circuit rule gives G/G0 = 0.008, which compares well with both 
of the measured values, thereby providing a direct experimental verification of the circuit 
rule. To illustrate how the circuit rules can be used to predict experimental conductances for 
future molecules from measured values of molecules available in the literature, we make use 
of the above factorisation procedure. To perform the fitting, we collected measured 
conductances for 19 different molecules from the literature 20, 25, 31, 38-40 and used these to 
characterize 5 anchors and 5 backbones. In Table 2 the anchor and backbone parameters are 
listed characterized with the experimental conductances. The parameters obtained from the 
experimental values are smaller than the theoretical values, as expected, due to the DFT’s 
systematic errors with underestimating the HOMO-LUMO gap35, 41 and the neglect of 
environmental and thermal effects in the calculations36. Figure 4a and Table 3 show that the 
characterisation can reproduce the conductance of the 19 different molecules with good 
accuracy (marked with green triangles). The selection covers the typical experimental range 
of conductances from 10-2G0 to 10
-6
G0. Usually the short molecules with higher conductance,  
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due to the snap back effect in the break-junction methods, are difficult to measure reliably. 
The longer molecules with lower conductances (below 10-6 G0), due to the instrumental 
sensitivity, are also difficult to measure. The X-Tn-X type molecules are from ref
40, where X 
= Py, NH2, S, BT and CN, and n=1,2 and 4, but varies for different X because not all 
molecules could been synthetized. The conductances for the Py-OPE-Py and Py-OPE(Meta)-
Py type molecules are from ref20 (Py-OPE(Meta)-Py denotes pmp), for the molecule NH2-
OPE-NH2 is from ref
39 and S-OPE-S molecule is from ref26. From ref29 we obtained the 
conductance of NH2-RR-NH2 and from ref
31 Py-RR-Py. The precise conductance values used 
in the calculations are quoted in Table 3. Finally we note that in Figure 4a, the green 
triangles, and Table 2, 3 and 4 are based on experimental conductance values, which 
naturally includes the effect of fluctuations. The fact that the green triangles are close to the 
diagonal demonstrates that the circuit rule indeed applies to 19 different experimentally-
quoted most-probable conductances.  
In conclusion, we have demonstrated that for a large variety of molecules of the type X-B-Y 
with different backbones B and anchors X,Y, the molecular conductance and thermopower of 
asymmetric molecules can be obtained as geometric and algebraic averages of the zero-bias 
conductances and thermopowers of their symmetric counterparts respectively. At a 
fundamental level, a requirement for the validity of this ‘circuit rule’ is that the parts X, B 
and Y should be weakly coupled, so that multiple scattering effects contained in the self-
energy Σ in equation (1) can be neglected. This also requires that the Fermi energy should be 
located within the HOMO-LUMO gap of the molecules and therefore transport should be 
‘off-resonance’ and take place via coherent tunnelling. The validity of this circuit rule is 
demonstrated through DFT calculations on 193 molecules, which confirms that the rule 
applies to molecules exhibiting off-resonance transport. In our experience of comparing 
theory with measurements of single-molecule electron transport, we have found that in 
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almost all cases, unless an electrostatic or electrochemical gate is applied, transport does not 
take place near resonances and therefore the rule can be expected to have wide applicability. 
The derivation of the rule assumes that transport takes place via coherent tunneling and that 
inelastic effects are negligible. Experiment demonstrates that the length scale for the onset of 
significant inelastic scattering at room temperature can be of order 3nm19, 42. All the 
molecules in our study are shorter than this length. Furthermore comparison with 19 
experimental molecular conductance values from the literature, originating from different 
laboratories shows that the circuit rules can be applied successfully at room temperature. 
Finally we note that as demonstrated in refs43, 44 the backbone contribution BB (see eq. (2)) 
depends on the points of contact k,l of the anchors to the backbone and therefore the circuit 
rule should be applied only to families of molecules containing backbones with the same 
connectivity to the anchors or equivalently, backbones with different connectivities should be 
treated as distinct entities, which means for example that a meta-connected backbone is 
distinct from a para-connected backbone as values of bB of OPE and OPE(meta) show in 
Table 2.   
For a workable thermoelectric device one needs to increase both the Seebeck coefficient S 
and the electrical conductance G and simultaneously minimise the thermal conductance.  The 
proposed circuit rule addresses the first two challenges by predicting S and G of hitherto 
unsynthesized molecules, thereby avoiding unnecessary synthetic effort. The rule also 
provides new insight and chemical intuition by organising a large body of information. The 
utility of the rule for ‘materials discovery’ derives from the potential translation of single-
molecule functionality into thin molecular films, formed from a monolayer of molecules is 
sandwiched between a planar bottom electrode and a planar top electrode, in which the 
current/heat flows through the moelcules from the bottom to the top electrode. The question 
of how single-molecule properties translate into thin films is non-trivial and beyond the scope 
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of this paper. However knowledge of transport properties at the single molcule level will 
surely inform our understanding of such thin-film materials.  
 For other properties, the rules can be used to obtain inequalities. For example, they imply 
that if ? and ? have the same sign then the powerfactor e = ?  is bounded by the 
power factors of the symmetric molecules, that is e ≤	e ≤ e and if ? and ? have 
opposite sign, the powerfactor will be diminished significantly. To aid utilisation of the rules 
for the discovery of new junction properties, we also demonstrated that conductances and 
thermopowers can be characterized by transferable anchor and backbone parameters. Such 
characterization can be used to identify optimally functioning molecular devices for future 
synthesis. The accuracy of this characterization was demonstrated using experimental 
conductances of 19 different molecules from the literature.  
Methods.  In order to demonstrate computationally the circuit formulas, we performed DFT 
based electron transport calculations on systematically constructed gold-molecule-gold 
systems. All together 193 molecules were constructed with attached gold pyramids as 
electrodes, with anchors and backbones showed in Figures 1a,b,c.  To consistently attach the 
pyramids to the molecules with many different backbones and anchors, we first prepared a 
relaxed molecular geometry with their planar and extended conformations. The relaxation 
was performed with MOPAC2012 RHF method and PM7 parameter-set45 with constraints 
that kept the molecular conformations planar. During the relaxation, the non-hydrogen atoms 
were allowed to move only in the molecular plane and only the hydrogen atoms were allowed 
to move away from the molecular plane. The initial conformation for the relaxation was 
linear extended where the anchors are at the two far ends of the molecule modelling a 
possible conformation within an break-junction experiment (shown in Figure 5a) when a 
typical conductance plateau is recorded27, 46. This is typically occurring when the gap 
between the electrodes is slightly less than the molecular length, illustrated in Figure 5a. In 
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the case of thiol, the sulphur was capped with a hydrogen atom for the relaxation, then after 
the relaxation the hydrogen atom from the sulphur was removed. We performed relaxations 
with SIESTA47 DFT code (force tolerance = 0.01, GGA, DZP) as well for a few molecules 
and found that planar conformations are usually stable, with significant exceptions of X-RR-
Y type molecules, where the aromatic rings are twisted away from each other.  Since our 
investigation focuses on the electronic structures, we consistently kept the all structures 
planar. For the planar molecular structures a 35-atom 111 directed gold pyramid was attached 
to the anchoring atoms (S and N) perpendicularly to the molecular plane. The apex gold 
atom-anchor atom distance was set 2.1Å for the Py, CN anchors, 2.3Å for the NH2 and BT 
and 2.35Å for the thiol anchor. This setup allowed consistent systematic comparisons 
between molecules with different backbones and anchors. The electronic transport 
calculations were performed by first obtaining the Hamiltonian of the isolated Au-molecule-
Au structure by SIESTA, DZP basis set and GGA-PBE exchange-correlation potential 
parameterization. Then the obtained Hamiltonian was used in GOLLUM48, with wide-band 
approximation to calculate the transmission coefficients, the room temperature conductance 
and the room temperature thermopower with the DFT computed Fermi energy. The wide-
band lead was attached to the two outer layers of the gold pyramid with g = 4.0j 
coupling49. The anchor and backbone parameters were determined by minimizing 
numerically the function   







with respect to the various K, L	parameters with the constraint L^^ = 0, using Broyden–
Fletcher–Goldfarb–Shanno (BFGS) method, where ′Backbones′ and ′Anchors′ are in figure 
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1a,  is the DFT-computed conductance value and Y | X denotes the exclusion of the 
double counting the same molecule. 
FIGURES 
 
Figure 1. The 193 combinations of backbones and anchors used to obtain figure 2. a) The left 
column shows 3 alkanes, 3 alkenes and 3 alkynes (where n=1,2,3) and the second-from-left 
column shows 3 other backbones. (ie a total of 12 backbones). The right panel shows 5 
anchors cyano (CN), pyridil (Py), dihidrbenzothiol (BT), amine (NH2) and thiol(S). These 
combine to yield 12x5 symmetric molecules and 12x5x4/2 = 120 asymmetric molecules (ie 
180 molecules in total). b) Molecules with a single ring as the backbone and four kinds of 
anchors: in total there are 4 symmetric and 6 asymmetric variants of these (ie 10 in total). c) 
shows a single butadiene chain with two kinds of anchors: in total there is one symmetric and 
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two asymmetric versions of this. All of the molecular geometries are shown in the SI in 
Figures S1-S14. 
 
Figure 2. Transmission coefficients for symmetric and asymmetric molecules X-D1-X,  Y-D1-
Y and X-D1-Y. The dashed pink curves show the circuit rule predictions for X-D1-Y. Choces 
of X, Y are: (a) CN, Py (b) NH2, S (c) BT, NH2 (d)  BT, Py (e) BT, CN (f) BT, S (g) CN, 
NH2  (h) Py, NH2.  Additional transmission coefficient curves are shown in the SI in Figures 
S15-S28.  
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Figure 3. a) Comparison between the conductances GXBY and the geometric means 
(GXBXGYBY)
1/2. b) Comparison between the thermopowers SXBY and the arithmetic means 
(SXBX + SYBY)/2. The top and bottom ends of the vertical grey lines show the values for the 
symmetric molecules used in the circuit rules. The different colours and markers indicate the 
various molecular backbones. The notation in the legend is as follows the backbone labelling 
in Figure 1.  
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Figure 4. Factorized conductance and thermopower approximations are plotted against the DFT 
computed values (red markers) and experimental values (green triangles). In panel a), for each DFT-
computed conductance GXBY, a red cross marks the corresponding 10`GaH`IE value. In panel b) 
for each DFT-computed thermopower SXBY, a red cross marks the corresponding SK′X + L′B +
K′Y]?0 value. In both cases the K,K′X  parameters and  L,L′B parameters are taken from Table 1. 
The green triangles in panel a) show the factorization of a selection of experimental conductances 
from the literature, quoted in Table 3. For each experimental conductance GXBY the green triangle 
marks the corresponding 10`GaH`IE value, where the  K parameters and  L parameters are taken 
from Table 2. E = 2j/~. ?E = .C/j. 
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Figure 5. a) Molecule arrangement in break-junction experiment. b),c),d) Three views of the 
same junction. Top, side and bottom views, respectively, of the model junction geometry of a 
particular case (BT-OPE-NH2) for systematic comparisons. 
TABLES 
Table 1 Anchor and backbone parameters obtained by fitting eqs. 3 and 4 to the DFT-computed room 
temperature conductances (log10(G/G0)) and thermopowers (Se/kB) respectively 
Anchor X with rings  
   
  
K  -1.12  -0.89  -1.20  -0.87  -0.68  K′  -0.02  -0.24  0.06  -0.17   0.19 
Backbones B RR T1 T2 T3 OPE H 
L  0.00  -0.12  -0.25  -0.38  -0.73  -0.46 L′ 0.00  -0.01  -0.05  -0.09  -0.02    0.01 
Backbones B D1 D2 D3 S1 S2 S3 
L  -0.09  -0.22  -0.35  -2.04  -4.57  -5.19 L′ -0.01  -0.01  -0.01   0.03  0.06   0.10   
 
Table 2 Anchor and backbone parameters obtained by fitting equ. 3 to the experimental room 
temperature conductance (log10(G/G0)). For the nA=5 anchor and nB=6 backbone, the parameters give the 
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conductance of nA(nA+1)nB/2=90 molecules in the form of  = . (a)an example for this 
backbone is ‘pmp’ from ref
20
. 
Anchor X with rigns  
   
  
K (from experiments) - -1.12 -2.15 -1.44 -1.58 -1.22 
Backbones B RR T1 T2 T4 OPE OPE(meta)
(a) 




Table 3 Comparison between experimental conductances and the computed conductances from equ. 3, 


























Molecule X B Y 
Experimental 
logE E 
K + L + K Molecule X B Y 
Experimental 
logE E 
K + L + K 
Py T1 Py -3.35
(a) -3.47 CN T1 CN -4.75
(a) -4.61 
Py T2 Py -3.78
(a) -3.79 CN T2 CN -4.9
(a) -4.93 
Py T4 Py -4.4
(a) -4.36 CN T4 CN -5.4
(a) -5.50 
NH2 T1 NH2 -3.205
(a) -3.19 S T1 S -2.75
(a) -2.75 
NH2 T2 NH2 -3.5
(a) -3.51 S T2 S -3.12
(a) -3.07 
BT T1 BT -2.5
(a) -2.55 Py OPE Py  -4.5(c) -4.53 
BT T2 BT -2.845
(a) -2.87 S OPE S -3.74(d) -3.81 
BT T4 BT -3.5
(a) -3.44 NH2 OPE NH2 -4.35
(e) -4.25 
Py RR Py -3.23(b) -3.15 Py OPE(meta) Py 
(pmp(c)) 
-5.9(c) -5.91 
NH2 RR NH2 -2.81
(f) -2.89    
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Table 4 Conductance predictions for a few new molecules based on Table 2. Predictions from Table 2 for 
all combinations of backbones and anchors are presented in Table S1 of the SI.  
Molecule X B Y 
K + L + K 
(log10(G/G0)) 
Molecule X B Y 
K + L + K 
(log10(G/G0)) 
Py-T1-CN  -4.04 Py-OPE-NH2  -4.39 
Py-T1-NH2  -3.33 Py-OPE-BT  -4.07 
Py-T1-BT  -3.01 Py-OPE-S  -4.17 
Py-T1-S  -3.11 CN-OPE-CN  -5.67 
CN-T1-NH2  -3.90 CN-OPE-NH2 -4.96 
CN-T1-BT  -3.58 CN-OPE-BT  -4.64 
CN-T1-S  -3.68 CN-OPE-S  -4.74 
NH2-T1-BT  -2.87 NH2-OPE-BT  -3.93 
NH2-T1-S  -2.97 NH2-OPE-S  -4.03 
BT-T1-S  -2.65 BT-OPE-BT  -3.61 
Py-OPE-CN  -5.10 BT-OPE-S  -3.71 
 
ASSOCIATED CONTENT 
Supporting Information Available: Content includes figures for all molecular geometries and 
all computed transmission coefficient functions. Theoretical predictions for the conducance 
of all anchor group/backbone combinations are included in Table S1. This material is 
available free of charge via internet at http://pubs.acs.org. 
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